Background


In 2001, 163,046,891,000 gallons of fuel were used on America’s highways
.  Excise tax revenues from these gallons of fuel were $29,027,805,000
.  When that total is combined with taxes on new diesel trucks and tires and heavy vehicle usage and other adjustments and refunds are made, total revenue for the Federal Highway Trust Fund comes to $31,469,625,479, of which $26,916,515,471 went specifically to the Highway Account.  Total expenditures for 2001 from the Highway Account, which may be larger than revenue because of the existence of a balance from preceding years, were $29,098,372,289
.  These large sums of money must be fairly redistributed to the states.


As part of the work assigned to it, the Federal Highway Administration has the task of determining the amount of on-highway fuel use that takes place in every state.  They use this estimation in the formula to derive the apportionment of funds from the Highway Trust Fund given to each state.  Specifically, the amount of diesel fuel used on highways is weighted to be 30% of the formula determining how the funds from the National Highway System are divided among states, and the amount of federal excise tax funds attributable to a given state’s highway users is 35% of the formula that determines how the money in the Surface Transportation Program is distributed to states
.   These estimations of fuel usage are very significant in that they determine how many billions of dollars a state will be getting from the US Federal-Aid Highway Program.  


The largest type of fuel used on-highway in terms of volume is gasoline, followed by diesel.  Therefore, these two fuels have the greatest influence on the apportionment of funds from the Highway Account.  Of the almost 500 billion gallons of fuel purchased in the three years from 1999 to 2001, 68.2% of that was gasoline, 20.2% diesel, 11.5% gasohol, and only 0.06% was LPG, the largest of the alternative fuels in terms of volume used and the only alternative fuel to currently be reported by a significant number of states (See Graph A
).  
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At this point in time, alternative fuels, including compressed and liquefied natural gas (CNG and LNG), Ethanol blends (E85 and E95) and Methanol blends (M85 and M100), account for virtually none of the total fuel consumed.  Most states do not even report them.  The Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels in the Department of Energy has estimated alternative fuel use for the period 1992-2002 and their estimates are shown in Graph B
.  Again, LPG is only 0.06% of total fuel and other types are even less.
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Because of their small share of the market, accuracy in reporting the volume of alternative fuels consumed would not make a significant difference in the way funds are apportioned right now.  It is reasonable to expect their share may grow in the future as the U.S. tries to become less dependent on foreign oil and looks for lower-cost alternatives to traditional fuels.  In the Farm Security and Rural Investment Act of 2002 signed into law May 13, 2002, Title IX, Section 9010 directs the government to “continue the bioenergy (biodiesel and fuel grade ethanol) program of payments to eligible producers to encourage increased purchases of eligible commodities for the purpose of expanding bioenergy production” and obligates “specified CCC funds for FY 2003 through 2006
.”  

Other ideas about how to encourage the use and development of alternative fuels have been put forth and are being considered in Congress now.  For example, Representative Oberstar has proposed an energy bill this year that, he feels, “recognizes the connection between energy policy and transportation policy, and the importance of utilizing new technologies and alternative fuels to meet our transportation energy needs
.”  Senator Hatch has introduced the Clean Efficient Automobiles Resulting From Advanced Car Technologies Act of 2003 that would provide tax credits for owners of many types of alternative fuel vehicles
.  Many other bills have been introduced this year dealing with this topic and the importance of these fuels can be expected to increase.  Graph C6 shows the growing consumption of the main alternative fuels over the last ten years. 
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The important question for the FHWA of how fast consumption of alternative fuels will increase is complicated and uncertain.  According to one estimate, gasoline consumption should increase by 56% while CNG is projected to increase by 1,100% and LPG by 800% by the year 2025.  But this same estimation holds that alternative fuels will still be only a small part of vehicle fuels: gasoline would go from a 59.4% share of the energy used in transportation to a 58.9% share, LPG from 0.04% to 0.2% and CNG from 0.04% to 0.25%
.  Other people, especially propane and natural gas producers, argue that their fuels will be much more prominent in the future.  Researchers, on the other hand, feel that “Hybrid-electric and fuel cell powered vehicles are clearly the future. This is where the industry is focusing its attention
.”  This direction that the major auto-makers are taking indicates the FHWA should be prepared to take account in the near future (5-20 years) for cars that get 70 or more miles per gallon of gasoline thanks to hybrid electric engines and for cars that have fuel cells that run on other gases like methanol and hydrogen with even greater efficiencies.

The Conversion Process

The purpose of this report is to establish a consistent method by which all states can report consumption of alternative fuels.  As a result, each state can receive the correct amount of Federal-Aid Highway Trust Fund dollars proportional to the amount of wear that their roads are sustaining from vehicles using alternative fuels.  This will be done by converting all volumes of alternative fuels into energy-equivalent gallons of gasoline fuel; essentially the amount of energy in the given volume of alternative fuel equals the amount of energy in ‘X’ gallons of gasoline.  Then all gasoline-equivalent gallons of alternative fuels will be able to be added together to produce one number indicative of the amount of VMT a state has sustained from all alternative fuel vehicles.

In order to complete this conversion, this report must examine the amount of energy in a gallon of gasoline fuel, as well as the amount of energy in every unit of possible alternative fuels.  “The heat content of a fuel is the quantity of energy released by burning a unit amount of that fuel
.”  The heat content, or ‘heating value’ of a fuel is a good measure of highway use because the volume of fuel required to produce a mile of travel is a function of energy content
.  However, it is not a perfect measure.  

Problems with using the heating value as the sole measure of how far a vehicle travels mostly have to do with engine efficiencies.  For example, although gasoline has more than twice the heat content of LPG given a certain volume, when they have both been mixed with the right amount of air in the combustion chamber of an engine the gasoline mixture only has ten percent more heat content than the mixture with LPG.  Similarly, alternative fuels “have an octane advantage over gasoline, which allows for higher engine compression ratios and thus improved efficiencies and power
.”  Also, burning some alternative fuels like LPG creates less of the waste products that gasoline and diesel combustion produce.  Engines that use LPG can therefore be cleaner, require less maintenance, and last longer
.  On the other hand, “venting of fuel vapor…, leakage of gaseous fuels…, and vehicle weight differences” lead to a net effect of “lower miles per Btu for most AFV’s than for conventional vehicles
.”  The true net effect seems to be unclear from the reviewed literature, but as alternative fuel use grows that information will be worth knowing, or else the FHWA risks distorting estimated highway usage.

One related way of accounting for alternative fuel vehicle miles on-highway that has certain merits addresses the problem explained in the preceding paragraph.  Because there are discrepancies in the miles traveled per unit of energy (in this case Btu or British thermal unit) among gasoline, diesel and alternative fuel vehicles themselves, accounting for the VMT per unit of fuel may be better than simply accounting for the energy per unit of fuel, as is done in this paper.  Theoretically, the idea would be to determine how many gallons of gasoline fuel would allow a vehicle to travel the same number of miles as the reported gallons or standard cubic feet of alternative fuel.  This approach would make the apportionment process fairer.  In the current method of accounting for gasoline and diesel fuels, the same type of computation could be made to get a better idea of VMT on the nation’s highways, although these two fuels are fairly similar to each other in heating value.  Still, this approach may need to be considered in the future to ensure fairness as alternative fuels like electricity and fuel cells become more popular in transportation.  

Finally, two problems exist in the measurement of heating values that should be recognized here.  They explain discrepancies and variation in the chart of heating values in Appendix A.  First of all, every fuel has two heating values, a low and a high.  This is true because of the way heating values are measured.  To obtain a certain fuel’s heating value, the fuel is placed in a sealed container called a bomb calorimeter under water and detonated.  The increase in the water temperature in the tank is the measure of how much heat was in the fuel.  This test gives the higher or gross heating value and it includes heat recovered from condensed water vapor inside the sealed calorimeter.  In the real-life fuel-burning process that takes place in a vehicle, however, that water vapor escapes and cannot be converted into movement or power.  The gross heating value minus the heat in the condensed water vapor (which can be computed if the hydrogen content of the fuel is known) gives the lower or net heating value
.  The net heating value is the more common value used in comparing motor fuels
, and it is the value used in the final conversion chart in this report.  

The other problem with heating values is they are dependent on the chemical composition, pressure and temperature of the fuels.  These three things vary depending on where the fuel is located in the United States and whether the fuel is being transported or put into a vehicle.  Gas companies produce different grades of gasoline with varying compositions depending on seasonal temperatures, type of service, and engine types
.  LNG made with 95% methane, 4% ethane and 1% propane will have a heating value three percent higher than LNG made from 100% methane17.  One study found that the characteristics of natural gas varied considerably among 10 cities with heating values ranging from 970 Btu/scf to 1,208 Btu/scf
.  Heating values derived from formulae (skipping the bomb calorimeter) are a function of the fuel’s API gravity, which in turn depends on percent by weight of the chemical constituents and impurities in the fuel, both of which are determined by the raw materials used to make the fuel and the manufacturing process.  Climatic factors like temperature can also change the heating value
.  Heating values are at best approximations of the average heating value for that fuel in America, but there can never be an absolutely correct value.

Possible Alternative Fuels

This section of the report will provide a quick overview of the alternative fuels that are most likely to gain a significant market share.  There are a number of different alternative fuels.  Some of them are already in use and growing as motor fuels and others are much less popular but may be significant in the future.  This report touches briefly on their composition, how they are produced, and the likelihood of them being a major source of energy for vehicle use.  The fuels and vehicle types dealt with are biodiesel, gasohol and RFG, E85 and E95, M85 and M100, LPG, LNG, CNG, electric-hybrid, and fuel cell.  The purpose of reviewing all these types of alternative fuels is to help the reader keep in mind the many possible changes in the way cars are fueled that probably will take place in the next 20 years.

Biodiesel

Biodiesel is “a renewable fuel synthesized from soybeans, other oil crops, or animal tallow that can substitute for petroleum diesel fuel
.”  It is made of fatty acid alkyl esters, which is another name for new and used vegetable oils and animal fats reacted with alcohols like methanol.  Recycled cooking grease and soy oil are currently the main sources of biodiesel.  This fuel can be transported, stored and dispensed just like diesel.  Graph B shows that biodiesel is the third largest alternative fuel in America right now.  Government trucks and others began seriously using biodiesel in 1998 after an amendment to the Energy Policy Act that allowed biodiesel to fulfill alternative fuel requirements.  It is a replacement or additive for petroleum diesel that is similar to methanol or ethanol for gasoline.  Any diesel engine can process a diesel blend of 20% biodiesel with no modification, and many built after 1994 can use 100% biodiesel (B100) without a problem.  An engine running on B100 would produce 75% less pollution than a regular diesel engine.  It is estimated that if and when biodiesel gets the subsidies that ethanol already enjoys, its share of on-highway use could grow to 8%
.  If this on-highway use was concentrated in specific regions of the U.S. where biodiesel is produced, for example, this on-highway use could seriously bias the apportionment process if the FHWA does not account for biodiesel usage.  

Gasohol and Reformulated Gasoline

Gasohol refers to gasoline mixed with certain amounts of ethanol.  Reformulated Gasoline (RFG) refers to an oxygenated mixture of gasoline and MTBE (methyl tertiary-butyl ether), ETBE (ethyl tertiary-butyl ether) or TAME (tertiary amyl methyl ether), as well as ethanol and other less common additives.  Gasohol accounted for 12.7% of total gasoline consumption and 10.1% of all on-highway gallons of fuel
.  RFG was introduced in order to meet minimum oxygenation requirements that have been taking effect due to Clean Air Act Amendments beginning in 1990
.  Ethanol is degradable in the environment and not harmful to humans
, while MTBE has contaminated ground water and may have adverse health effects.  MTBE has been or will be phased out of use, although it is much easier to mix and transport than ethanol and not as susceptible to economic shocks.  Other possible oxygenates will continue to be researched.  Although these additives do help reduce pollution, they are not the future of motor fuels because they are still environmentally harmful and do not eliminate dependence on foreign oil.  

E85 and E95

These two fuels are mostly ethanol with a small amount of gasoline added in 15% and 5% ratios, respectively.  Ethanol is a two-carbon molecule with a hydroxyl group attached to form an alcohol.  It is produced by mashing corn (other sources of sugar like barley, wheat, and notably sugar cane as in Brazil can also be used), allowing the starches to break down into sugars, adding yeast to ferment the sugars into alcohol, and purifying the alcohol
.  E85 is the most common form of ethanol used as a motor fuel; more than one hundred times more of it is sold than of E95
.  Engines currently being sold that run on ethanol are convenient in that they can use both E85 and regular gasoline, although it would be possible to make engines that run only on ethanol.  Refueling stations for ethanol are heavily concentrated in the upper Midwest close to corn farms and not widespread at this point in time26.  Ethanol and methanol cannot be sent through pipelines because of the corrosive nature of alcohol, the possibility of phase separation of E85 and M85 and the possibility of water contamination
.  Also, E85 emissions are not significantly cleaner than existing RFG.  They are not the advanced high-efficiency fuels that automakers are hoping to develop
.  This fuel accounts for only 2% of alternative fuels and is not likely to gain a much greater market share in the long term. 

M85 and M100

Methanol is very similar to ethanol in its uses and characteristics, if not in its production.  It is an alcohol made from a one-carbon molecule with a hydroxyl group attached.  It can be made from a variety of feedstocks, but the most common now is natural gas in a refinery.  The U.S. produces half of the methanol it uses and imports the other half.  Thirty percent of this methanol is used to make MTBE
, but that may not be true for long because many states are discontinuing the use of MTBE in RFG.  It is available in ‘neat’ form, meaning 100% methanol (M100) and in the more common 85% mixture (M85), although neither is widely used
.  In fact, carmakers no longer produce automobiles that run on methanol, and so the most significant use of methanol in the future will be as a source of hydrogen in fuel cells
.

LPG

Liquefied Petroleum Gasoline is a mixture in varying ratios of mostly propane or propylene and a small amount of butane or butylene, both simple hydrocarbons.  In fact, LPG is often just called propane because in the U.S., LPG meant for motor fuel use is required to be almost all propane.  LPG is a byproduct of natural gas processing and crude oil refining, and the U.S. is able to supply almost all of its own needs.  A separate system of pipelines exists for the transport of LPG, but it is smaller than the network for natural gas and reaches a limited portion of states in the Midwest and on the East Coast
.  That, of course, limits who can use LPG as a motor fuel, although it is currently the most common alternative motor fuel.  LPG vehicles, similar to natural gas and electric vehicles, are mainly marketed as fleet vehicles where the problems associated with their limited range and distribution infrastructure can be overcome
. 

LNG and CNG

Both liquefied and compressed natural gas are made of at least 90% methane and various other hydrocarbons as well.  Natural gas is one of the fuels that can vary greatly from region to region in composition.  It can be stored and transported in a liquid or a gaseous state, depending on the temperature and pressure at which the gas is kept (to liquefy it, it must be kept at a lower temperature)
.  Natural gas is not produced; it is just extracted and purified.  CNG is the second most widely used alternative fuel and has the advantage of a distribution system already in place that covers the whole United States.  However, only a limited number of refueling stations currently exist.  Major car companies make cars powered by CNG, but again it is usually for fleet use.  Transit buses have begun to use CNG and it works well for them
.  CNG use has been steadily rising over the last ten years, so eventually it could be an important source of motor fuel.

Electric Hybrid

This category of fuel could include strictly electric cars as well, but at this point in time such cars have such a small range due to limited battery power that they are only practical for a small segment of the motor vehicle market.  Electric hybrid vehicles, on the other hand, are already being produced and driven on U.S. highways and they provide a link between the petroleum-dependent vehicles of the present and the fuel cell vehicles of the future.  Electric hybrid cars run on batteries for acceleration up to a certain speed (it varies, but Toyota’s car switches over at 13 mph), at which point they begin running on an internal combustion engine.  Friction from braking is converted into electricity to charge the batteries.  They can get anywhere from 45 to 70 mpg.  Toyota and Honda both sell this type of vehicle already and more companies will soon.  Automakers are hoping to improve on this type of vehicle by using lower-emission diesel engines
.  Lead acid batteries are currently the most prevalent in the industry, but manufacturers are trying to develop other types with improved performance, including nickel cadmium, nickel iron, nickel zinc, etc.
.  Toyota predicted in 1998 that one third of the world auto market would be hybrids by 200537.  While they may not be on track to obtain that goal, it is very reasonable to expect that hybrids will continue to gain in popularity.  A gallon of diesel or gasoline used in one of these hybrid vehicles will provide many more VMT, which needs to be taken into consideration by the FHWA when hybrids become more widespread.  

Fuel Cell (Hydrogen)

This is the last and probably most important type of alternative fuel because, as mentioned earlier, this is the fuel source on which automakers, government agencies and environmentalists are concentrating. It will not be available at an affordable price for about 20 years, so it is included here simply in an effort to be thorough and not because it needs to be taken into account now.  Fuel cells provide electricity to a motor.  Unlike batteries, they do not store electricity.  Instead they convert chemical energy from hydrogen into electricity.  In some designs, methanol or gasoline is converted onboard into hydrogen and then used in the fuel cell. Automakers are investing heavily in fuel cell technology and fully expect it to be the future of motor fuels
.

Table A contains several heating values for the fuels discussed above that have been collected from different sources.  When gross and net heating values were labeled in the source material, that information is given in the table.  Sometimes they are not identified, but by comparing the values to labeled values from other sources it is possible to guess which values are gross and which are net.  The figures in italics were estimated for this report.  Table A will be the basis for the recommendations in the next section of this report.

Recommendations and Conclusion

Having discussed the alternative fuels and their heating values, it is now possible to make a practical conversion worksheet.  Based on the findings in this report, the recommended conversion process can be seen in Appendix B.  In order to make this recommendation I had to choose between the different heating values given in the chart.  The heating value for diesel is from what is called #2 Diesel, which is the more official name for the typical diesel fuel used in motor vehicles.  The values for #2 Diesel on the chart are all fairly close and I have elected to use 128,400 Btu/gal because most of the other heating values I will be using come from the same source – the Energy Information Administration – and hopefully consistency in the source will lead to higher accuracy.  The heating values for CNG from the last three sources are different, and again I try to use the same source for as many of the fuels’ heating values as I can.  Because the two closest values for CNG were both explicitly labeled as being the net value, 929 Btu/scf seems to be the best choice for the heating value in the conversion process.  

I chose a heating value for each fuel in a similar manner.  On the chart, they are the bold heating values.  I put them on the worksheet as well, although they are not really needed there and could be removed.  The important information on the worksheet is the percentage.  It represents how much less or how much more energy is in a gallon of an alternative fuel then there is in a gallon of gasoline fuel.  After multiplying the volume reported of alternative fuel by this percent, the result gives the number of gallons of gasoline fuel that have the same energy content as the original quantity of alternative fuel.  Dividing the energy content of each alternative fuel by the energy content of gasoline, in this case 115,000 Btu/gal, gives the percent.

This report is meant to be an explanation and a resource for helping people to understand why the conversion worksheet is needed and how it works.  States will be able to use the conversion process to calculate gasoline-gallon equivalents of volumes of alternative fuels.  This, in turn, will simplify and theoretically standardize the way states report to the FHWA the amount of alternative fuel consumed on their roadways.  

After doing research for this report, I think that one reason the Highway Trust Fund may not earn enough income to support the road system and that higher excise taxes are being considered on gas and diesel fuels is that drivers who use gas and diesel are continually subsidizing more and more drivers of alternative fuel vehicles.  Alternative fuels make up an extremely small part of the total fuel consumption.  But they are growing and, given a few technological breakthroughs in the future, they could explode in economy and use.  It seems better to prepare for this transformation before it happens than to wait until after the transformation has occurred in order to eliminate costly mistakes, especially when it takes so long to implement changes in the way funds are apportioned.

Appendix A: Possible Heating Values and Conversion Ratios for Alternative Fuels

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Fuel Type
	Gasoline
	#2 Diesel
	Biodiesel
	Gasohol
	Ethanol
	E-85
	Methanol
	M-85
	LPG
	LNG
	CNG
	 

	 
	Composition
	 
	 
	 
	 
	 
	Ethanol, Gasoline
	 
	Methanol Gasoline
	Propane, Butane
	Methane
	Methane
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Btu/gal (a) 
	119,800
	140,400
	
	
	
	
	
	
	
	 
	 
	 

	 
	Btu/gal net, (b)
	
	
	
	
	
	
	
	
	91,044
	 
	 
	 

	 
	Btu/gal (c)   
	
	
	
	
	
	
	
	
	91,502
	 
	 
	 

	 
	Btu/gal (d)
	114,200 (h)
	
	117,000- 120,000
	
	
	80,460
	
	65,350
	84,000
	73,500
	 33,000 to 38,000 @ 3000 psi 
	 

	 
	Energy Ratio to Gasoline (d) (i)
	1.00
	
	1.10
	
	
	1.42
	
	1.75
	1.36
	1.55
	 3.94 @ 3000 psi 
	 

	 
	Energy Percent of Gasoline (d)
	100%
	 
	90%
	 
	 
	70%
	 
	57%
	74%
	66%
	 25% @ 3000 psi 
	 

	 
	Btu/gal (or Btu/scf), gross (e)
	125,000
	138,700
	126,206
	120,900
	84,600
	
	64,600
	
	91,300
	90,800
	960 Btu/scf
	 

	 
	Btu/gal (or Btu/scf), net (e)
	115,400
	128,700
	117,093
	112,417
	75,670
	
	56,560
	
	83,500
	87,600
	n/a
	 

	 
	Energy Ratio to Gasoline (e) (i) 
	1.00
	0.90
	0.99
	1.03
	1.53
	
	2.04
	
	1.38
	1.32
	0.120
	 

	 
	Energy Percent of Gas (e)
	100%
	112%
	101%
	97%
	66%
	
	49%
	
	72%
	76%
	823%
	 

	 
	Btu/gal, gross (f)
	124,800
	138,700
	
	
	84,100
	
	642,500
	
	91,300
	
	
	 

	 
	Btu/gal, net (f)
	115,000
	128,400
	
	
	76,000
	81,800
	56,800
	65,530
	84,500
	
	929 Btu/scf
	 

	 
	Energy Ratio to Gasoline (f) (i) 
	1.00
	0.90
	
	
	1.51
	1.41
	2.02
	1.75
	1.36
	
	0.124
	 

	 
	Energy Percent of Gasoline (f)
	100%
	112%
	
	
	66%
	71%
	49%
	57%
	73%
	
	808%
	 

	 
	Btu/gal, net (g)
	115,400
	128,980
	
	
	
	
	
	
	
	78,000
	926.2 Btu/scf
	 

	 
	Energy Ratio to Gasoline (g) (i) 
	1.00
	0.89
	
	
	
	
	
	
	
	1.48
	0.125
	 

	 
	Energy Percent of Gasoline (g)
	100%
	112%
	
	
	
	
	
	
	
	68%
	803%
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Appendix A (Cont’d): Footnotes for “Possible Heating Values and Conversion Ratios for Alternative Fuels”
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b.  Guthrie, Virgil B., ed., Petroleum Products Handbook.  (New York: McGraw-Hill, 1960), p.  3-3.
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e.  U.S. Department of Energy.  Transportation Energy Data Book, Edition 22, Appendix B.  Online.  http://www-cta.ornl.gov/data/Download22.html (extracted June 2003). 

f.  Energy Information Administration, U.S. Department of Energy.  Alternatives to Traditional Transportation Fuels: An Overview, Table 22.  Online.  http://www.eia.doe.gov/cneaf/alternate/page/faq.html#13 (extracted June 2003).

g.  Norton, Paul.  “The Right Way to Calculate Fuel Cost Conversions.”  Natural Gas Fuels.  August 1996, p.12-13.   

h.  Figures in italics throughout the chart indicate my own personal calculations based on other data in the table.

i.  This ratio is the number of gallons or 1000 scf (scf = Standard Cubic Foot) of fuel ‘x’ that contain the same heating value measured in Btu as 1 gallon of gasoline fuel, according to the various sources.  In order to convert units of alternative fuels into gasoline-equivalent gallons, multiply the number of units of the alternative fuel by the Energy Percent of Gasoline value.  The resulting number will be the number of gallons of gasoline that contain the same amount of energy as your original quantity of alternative fuel.
j.  For Compressed Natural Gas (CNG), it may come reported in scf, 100 scf, or 1,000 scf units.  All percentages shown here for CNG conversion should be used if the fuel is reported in 1,000 scf.  If the CNG value is in 100 scf, the number of 100 scf of CNG should be multiplied by 74.6%, or 0.746, instead of 746%, or 7.46, as was the case for amounts of CNG measured in 1,000 scf.  Likewise, if CNG is measured in units of 1 scf, the number of scf should be multiplied by 0.746%, or 0.00746, to obtain the gasoline-equivalent gallons.

Appendix B: Conversion Worksheet

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Fuel Type
	Heating Value
	# of Gallons or 1000 scf Reported
	X
	Conversion Factor
	=
	# of Gasoline-Equivalent Gallons
	 

	 
	
	(Btu/gal or Btu/1000 scf)
	
	
	
	
	
	 

	 
	Gasoline
	115,000
	 
	X
	1.000
	=
	 
	 

	 
	#2 Diesel
	128,400
	 
	X
	1.117
	=
	 
	 

	 
	Biodiesel
	117,093
	 
	X
	1.018
	=
	 
	 

	 
	Gasohol
	112,417
	 
	X
	0.978
	=
	 
	 

	 
	E-85
	81,800
	 
	X
	0.711
	=
	 
	 

	 
	M-85
	65,530
	 
	X
	0.570
	=
	 
	 

	 
	LPG
	84,500
	 
	X
	0.735
	=
	 
	 

	 
	LNG
	87,600
	 
	X
	0.762
	=
	 
	 

	 
	CNG
	929,000
	 
	X
	8.078
	=
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		Date of Data: September 2002; Next Release Date: October 2003)

		Table 10. Estimated Consumption of Vehicle Fuels in the United States, 1992-2001 (Thousand Gasoline-Equivalent Gallons)

		Fuel		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		Alternative Fuels

		Electricity		288		430		663		773		1,010		1,202		1,384		2,670		3,903		4,460		3,903		Electricity

		Ethanol, 95 Percent  (E95)b		80		140		995		2,699		1,136		59		58		13		0		0		0		Ethanol, 95 Percent  (E95)

		Ethanol, 85 Percent  (E85)a, b		48		80		1		694		1,280		1,727		3,802		7,074		8,736		10,075		8,736		Ethanol, 85 Percent  (E85)

		Methanol, Neat (M100)		3,166		3,190		2,150		347		347		449		447		437		406		0		406		Methanol, Neat (M100)

		Methanol, 85 Percent (M85)b		1,593		2,340		2,023		1,775		1,554		1,212		1,073		585		440		330		440		Methanol, 85 Percent (M85)

		Liquefied Natural Gas (LNG)a		1,901		2,345		2,759		3,247		3,714		5,343		6,820		7,121		8,786		10,504		8,786		Liquefied Natural Gas (LNG)

		Compressed Natural Gas (CNG)a		21,603		24,160		35,162		46,923		65,192		72,412		89,476		98,351		111,797		113,554		111,797		Compressed Natural Gas (CNG)

		Liquefied Petroleum Gases (LPG)a		264,655		248,467		232,701		239,158		238,356		241,386		242,750		247,062		251,353		255,515		251,353		Liquefied Petroleum Gases (LPG)

		Subtotala		293,334		281,152		276,643		295,616		312,589		323,790		345,810		363,313		385,421		394,438		25,431		Biodiesel

		Oxygenates																						127,916,000		Gasoline

		Methyl Tertiary Butyl Ether		2,069,200		2,018,800		2,691,200		2,749,700		3,104,200		2,903,400		3,331,000		3,087,900		2,890,400		2,531,000		38,843,150		Diesel

		(MTBE)c

		Ethanol in Gasohola		760,000		845,900		910,700		660,200		830,700		889,500		939,800		1,106,300		1,117,500		1,118,900

		Biodiesel		na		na		na		na		na		na		na		6,816		25,431		na

		Total Alternative and Replacement Fuels		3,122,534		3,145,852		3,878,543		3,705,516		4,247,489		4,116,690		4,616,610		4,564,329		4,418,752		4,044,338

		Traditional Fuels

		Gasolined		111,323,000		113,144,000		115,943,000		117,783,000		119,336,000		122,849,000		125,111,000		125,720,000		127,916,000		130,735,000

		Diesel		24,296,630		27,293,370		28,555,040		30,101,430		31,949,270		33,665,360		35,796,800		36,979,200		38,843,150		39,314,960

		Total Fuel Consumptiona e		135,912,964		140,718,522		144,774,683		148,180,046		151,597,859		156,838,150		161,253,610		163,062,513		167,144,571		170,444,398

		   a1999 and 2000 estimates have been revised.

		   bThe remaining portion of 85-percent methanol and both ethanol fuels is gasoline.  Consumption data include the gasoline portion of the fuel.

		   cIncludes a very small amount of other ethers, primarily Tertiary Amyl Methyl Ether (TAME) and Ethyl Tertiary Butyl Ether (ETBE).

		   dGasoline consumption includes ethanol in gasohol and MTBE.

		   eTotal fuel consumption is the sum of alternative fuel, gasoline, and diesel consumption.  Oxygenate consumption is included in gasoline consumption.

		    Notes: Fuel quantities are expressed in a common base unit of gasoline-equivalent gallons to allow comparisons of different fuel types.  Gasoline-equivalent gallons do not represent gasoline displacement.  Gasoline equivalent is computed by dividing t

		    Sources: 1993-2000 Oxygenate Consumption: Energy Information Administration, Petroleum Supply Monthly. 1993-2000 Traditional Fuel Consumption:Energy Information Administration, Petroleum Supply Annual, Volume 1 (June 2000). Highway use of gasoline was
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		Date of Data: September 2002; Next Release Date: October 2003)

		Table 10. Estimated Consumption of Vehicle Fuels in the United States, 1992-2001 (Thousand Gasoline-Equivalent Gallons)

		Fuel		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		Alternative Fuels

		Electricity		288		430		663		773		1,010		1,202		1,384		2,670		3,903		4,460

		Ethanol, 95 Percent  (E95)b		80		140		995		2,699		1,136		59		58		13		0		0

		Ethanol, 85 Percent  (E85)a, b		48		80		1		694		1,280		1,727		3,802		7,074		8,736		10,075

		Methanol, Neat (M100)		3,166		3,190		2,150		347		347		449		447		437		406		0

		Methanol, 85 Percent (M85)b		1,593		2,340		2,023		1,775		1,554		1,212		1,073		585		440		330

		Liquefied Natural Gas (LNG)a		1,901		2,345		2,759		3,247		3,714		5,343		6,820		7,121		8,786		10,504

		Compressed Natural Gas (CNG)a		21,603		24,160		35,162		46,923		65,192		72,412		89,476		98,351		111,797		113,554

		Liquefied Petroleum Gases (LPG)a		264,655		248,467		232,701		239,158		238,356		241,386		242,750		247,062		251,353		255,515

		Subtotala		293,334		281,152		276,643		295,616		312,589		323,790		345,810		363,313		385,421		394,438

		Oxygenates

		Methyl Tertiary Butyl Ether		2,069,200		2,018,800		2,691,200		2,749,700		3,104,200		2,903,400		3,331,000		3,087,900		2,890,400		2,531,000

		(MTBE)c

		Ethanol in Gasohola		760,000		845,900		910,700		660,200		830,700		889,500		939,800		1,106,300		1,117,500		1,118,900

		Biodiesel		na		na		na		na		na		na		na		6,816		25,431		na

		Total Alternative and Replacement Fuels		3,122,534		3,145,852		3,878,543		3,705,516		4,247,489		4,116,690		4,616,610		4,564,329		4,418,752		4,044,338

		Traditional Fuels

		Gasolined		111,323,000		113,144,000		115,943,000		117,783,000		119,336,000		122,849,000		125,111,000		125,720,000		127,916,000		130,735,000

		Diesel		24,296,630		27,293,370		28,555,040		30,101,430		31,949,270		33,665,360		35,796,800		36,979,200		38,843,150		39,314,960

		Total Fuel Consumptiona e		135,912,964		140,718,522		144,774,683		148,180,046		151,597,859		156,838,150		161,253,610		163,062,513		167,144,571		170,444,398

		   a1999 and 2000 estimates have been revised.

		   bThe remaining portion of 85-percent methanol and both ethanol fuels is gasoline.  Consumption data include the gasoline portion of the fuel.

		   cIncludes a very small amount of other ethers, primarily Tertiary Amyl Methyl Ether (TAME) and Ethyl Tertiary Butyl Ether (ETBE).

		   dGasoline consumption includes ethanol in gasohol and MTBE.

		   eTotal fuel consumption is the sum of alternative fuel, gasoline, and diesel consumption.  Oxygenate consumption is included in gasoline consumption.

		    Notes: Fuel quantities are expressed in a common base unit of gasoline-equivalent gallons to allow comparisons of different fuel types.  Gasoline-equivalent gallons do not represent gasoline displacement.  Gasoline equivalent is computed by dividing t

		    Sources: 1993-2000 Oxygenate Consumption: Energy Information Administration, Petroleum Supply Monthly. 1993-2000 Traditional Fuel Consumption:Energy Information Administration, Petroleum Supply Annual, Volume 1 (June 2000). Highway use of gasoline was
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		State		1999								2000								2001

				Gasoline		Gasohol		Special Fuels*		LPG gallons		Gasoline		Gasohol		Special Fuels*		LPG gallons		Gasoline		Gasohol		Special Fuels*		LPG gallons

		Alabama		2,410,015		4,061		745,713		- 0		2,223,232		146,713		718,540		- 0		2,085,089		297,418		683,396		- 0

		Alaska		239,764		27,241		75,400		- 0		259,289		18,692		58,570		- 0		185,369		50,031		111,937		- 0

		Arizona		2,133,702		178,404		663,876		- 0		2,149,169		211,915		632,761		- 0		2,288,599		139,832		678,902		- 0

		Arkansas		1,392,948		0		556,238		1,582		1,371,641		-		587,842		1,376		1,358,174		- 0		582,034		1,451

		California		13,330,153		919,024		2,457,431		10,757		13,290,569		1,087,685		2,640,188		7,428		8,592,551		6,103,923		2,669,379		30,437

		Colorado		1,417,387		554,016		449,375		- 0		1,315,736		662,658		472,447		- 0		1,392,096		656,568		512,967		- 0

		Connecticut		1,368,841		35,197		277,575		- 0		1,383,810		39,154		274,887		- 0		959,981		502,294		273,178		- 0

		Delaware		383,444		0		57,741		- 0		371,093		-		58,320		- 0		382,043		- 0		56,812		- 0

		Dist. of Col.		167,820		0		22,223		- 0		169,225		-		23,215		- 0		148,769		- 0		27,482		- 0

		Florida		7,202,592		8,973		1,245,526		- 0		7,351,862		16,611		1,284,703		- 0		7,485,015		9,716		1,293,651		- 0

		Georgia		4,619,658		0		1,322,651		7,860		4,640,345		-		1,390,609		8,918		4,693,703		- 0		1,416,674		9,796

		Hawaii		372,078		0		32,680		381		384,108		-		33,821		315		404,684		- 0		33,075		321

		Idaho		654,935		0		215,746		- 0		631,692		-		216,281		- 0		609,051		- 0		219,095		- 0

		Illinois		2,491,167		2,497,870		1,292,335		5,331		1,962,900		3,049,099		1,414,621		5,609		2,074,671		2,940,546		1,247,990		5,128

		Indiana		2,075,113		973,598		928,116		28		2,019,132		1,088,975		1,088,185		- 0		2,136,784		984,201		980,567		- 0

		Iowa		803,994		708,995		494,842		3,383		662,999		831,515		499,373		2,599		606,296		869,516		497,299		2,553

		Kansas		1,340,940		52,523		378,646		1,612		1,291,724		23,093		361,628		1,717		998,735		238,216		368,065		1,687

		Kentucky		2,087,331		32,980		703,236		504		1,995,632		25,269		829,597		847		1,834,401		272,811		714,013		1,092

		Louisiana		2,047,248		14,756		588,447		- 0		2,157,994		2,519		582,165		- 0		1,872,778		278,659		602,201		- 0

		Maine		678,530		0		149,471		- 0		681,127		-		172,822		- 0		590,093		- 0		157,976		- 0

		Maryland		2,372,972		23,125		488,744		- 0		2,385,550		2,742		501,242		- 0		2,154,490		306,055		501,821		- 0

		Massachusetts		2,671,177		0		377,063		997		2,713,913		-		408,092		864		2,677,029		43,481		401,507		855

		Michigan		4,697,794		358,979		905,067		6,239		4,055,138		850,065		917,188		5,846		3,983,744		921,014		904,696		5,746

		Minnesota		99,951		2,373,887		575,792		- 0		0		2,512,069		638,962		- 0		(122,080)		2,667,610		632,363		- 0

		Mississippi		1,583,622		0		510,731		2,922		1,520,581		-		515,074		2,335		1,476,477		- 0		505,680		2,463

		Missouri		2,793,960		164,017		866,541		- 0		2,770,863		285,418		921,172		- 0		2,611,040		347,840		915,155		- 0

		Montana		476,604		4,150		185,212		- 0		464,558		5,125		190,450		- 0		454,352		13,215		198,232		- 0

		Nebraska		617,920		221,268		359,379		2,050		520,118		306,666		366,368		1,820		572,876		239,371		366,839		1,780

		Nevada		626,634		281,646		267,918		- 0		610,443		313,976		279,732		- 0		669,790		275,853		268,577		- 0

		New Hampshire		652,558		0		103,763		- 0		660,399		-		99,492		- 0		662,475		- 0		100,115		- 0

		New Jersey		3,781,819		82,539		769,039		2,350		3,851,875		109,997		786,783		2,064		3,899,972		11,865		835,324		2,027

		New Mexico		715,350		210,298		400,522		- 0		808,861		76,125		434,004		- 0		764,755		112,055		404,352		- 0

		New York		5,448,118		142,538		1,093,165		7,200		5,440,457		51,948		1,063,810		6,863		4,441,300		1,095,312		963,076		6,094

		North Carolina		3,767,007		314,130		883,343		- 0		3,615,417		365,265		1,022,625		- 0		3,547,156		513,436		958,844		- 0

		North Dakota		303,149		46,304		141,280		1,341		283,727		55,771		144,134		2,648		267,565		66,979		150,894		1,128

		Ohio		2,989,356		2,079,559		1,523,918		- 0		3,013,754		2,034,141		1,508,508		- 0		3,174,718		1,853,558		1,475,619		- 0

		Oklahoma		1,811,741		0		616,296		378		1,749,268		-		728,864		281		1,751,701		- 0		947,815		212

		Oregon		1,411,747		114,161		430,694		- 0		1,362,185		132,801		424,263		- 0		1,093,031		394,238		416,246		- 0

		Pennsylvania		4,840,494		106,229		1,350,054		3,063		4,814,964		133,319		1,375,265		3,159		4,401,798		622,873		1,386,766		2,973

		Rhode Island		404,530		0		55,844		- 0		394,497		-		54,317		- 0		392,993		6,120		55,091		- 0

		South Carolina		2,213,438		0		592,193		2,429		2,211,717		-		620,260		2,351		2,217,141		- 0		620,752		1,794

		South Dakota		227,188		191,242		145,298		994		207,317		208,144		147,131		961		207,236		195,236		149,671		830

		Tennessee		2,923,280		0		860,020		1,443		2,868,431		-		890,704		1,325		2,837,567		- 0		868,540		1,475

		Texas		10,122,456		515,173		2,703,646		20,453		10,089,757		641,824		2,981,517		20,044		10,325,795		311,693		2,990,263		18,398

		Utah		862,116		106,811		301,493		- 0		839,935		117,812		338,576		- 0		894,760		50,772		337,898		- 0

		Vermont		322,524		0		58,101		- 0		350,474		-		53,153		- 0		331,183		- 0		70,375		- 0

		Virginia		3,267,946		295,605		952,594		2,906		3,232,011		347,598		916,658		3,002		3,298,456		467,262		939,508		2,770

		Washington		2,367,140		269,768		573,502		2,325		2,307,982		312,021		562,504		3,052		1,957,527		665,106		545,133		2,132

		West Virginia		816,702		42		273,971		5,889		758,116		51,893		270,990		1,017		716,858		101,658		271,622		1,208

		Wisconsin		2,175,118		279,734		672,246		4,973		2,075,921		330,793		655,171		5,561		1,687,523		730,766		671,218		4,876

		Wyoming		323,729		0		280,329		- 0		320,137		-		335,523		- 0		321,847		- 0		308,553		- 0

		Total		114,905,800		14,188,843		31,970,376		99,390		112,611,645		16,449,409		33,401,109		92,001		104,369,954		25,357,100		33,180,012		109,226

				1999		2000		2001

		Gasoline		114,905,800		112,611,645		104,369,954

		Gasohol		14,188,843		16,449,409		25,357,100

		Special Fuels minus LPG		31,970,376		33,401,109		33,180,012

		LPG		99,390		92,001		109,226






